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Abstract: To obtain the physical field distribution of the blade root and groove region of the
compressor and reduce the time cost of profile optimization, a physical field prediction model for
blade roots and grooves and a fast optimization design method are proposed. The key geometric
parameters of blade roots and grooves are selected as both design and state variables, and a
parametric model is established. Based on the deep graph convolutional network, a fast prediction
model for the physical field in the blade root and groove region is constructed, and the prediction
accuracy of the model is verified through the comparison of finite element analysis results. Based
on the prediction model and genetic algorithm, the fast optimization design of the profile is
conducted. The results show that compared with the finite element analysis, the acceleration
effect of the prediction model for a single design condition can reach 10° orders of magnitude. The
variation trend of the predicted displacement and stress is consistent with that of the finite element
analysis. The relative prediction deviation of the maximum total displacement is approximately

+1% ., and the relative prediction deviation of the maximum von Mises equivalent stress is within
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+5%. The maximum von Mises equivalent stress value of the optimized compressor blade root
and groove is reduced from 240. 96 MPa to 206. 37 MPa, with a reduction rate of 14. 36%. The

optimization effect is remarkable.

Keywords: compressor; root and groove; deep learning; physical field prediction
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Fig. 1 Original compressor blade model and schematic

diagram of root and groove
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Table 1 Material parameters of compressor blade and disk

S A
Uy LI LS
R/ (kg e m ) 7 750 7 860
HEA H/ GPa 184 178
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Fig. 2 Finite element model of root and groove and

setting of boundary conditions
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Fig. 3 The variable selection diagram of root and groove
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Table 2 The ranges of design variables and state variables

for root and groove

A hE 42 E 2 FIREHE A
R, /mm 3.50 [2.50, 4.50]
C/mm 8.00 [6.50, 9.50]

I A/ 45.00  [30.00, 55.00]
R./mm 3.50 [2.50, 4.50]
R,/mm 3.50 [2.50, 4.50]
R.;/mm 3.50 [2.50, 4.50]
W /mm 20.91 =>16.00

RASAR L/mm 29. 32 >24.00
H/mm 17.61 >12.00
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Fig. 4 Deep graph convolutional network model
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Table 3 Network structure of predictive model
Frs ZR I 2 235 44y LN

1 SAGEConv 8 X 64 64
2 SAGEConv 64 X128 128
3 SAGEConv 128 X256 256
4 SAGEConv 256 X256 256
5 SAGEConv 256 X128 128
6 SAGEConv 128X 64 64
7 SAGEConv 64 X5 5]
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Fig. 5 The reduction of the loss function during the training

process of the predictive model
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Fig. 6 Deviation in the physical field predictions of the

predictive model
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Table 4 Comparison of computation time between the predictive

model and the finite element method
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Fig. 7 Profile diagram of the typical design scheme
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Fig. 8 Total displacement prediction result
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Fig. 10 Maximum total displacement and maximum equivalent

stress prediction results
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Fig. 11 Optimization design process flowchart based on

prediction models and genetic algorithms
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Table 6 The design variables before and after the optimization

of the blade root and groove
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